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ABSTRACT 
 
 
 
McDonough, Jessica Nicole.  M.S., Department of Earth and Environmental Sciences, 
Wright State University, 2006.  Characterization and Interpretation of the Cephalopod 
Marker Bed, Oakes Quarry Park, Fairborn, Ohio.  
 
     A distinct sequence of orange-brown, fossiliferous grainstones with interbedded blue 
mudstones exists in the upper portion of the Silurian-aged (Llandoverian) Brassfield 
Formation exposure at Oakes Quarry Park, Fairborn, Ohio.  The unit is locally referred to 
as the cephalopod marker bed as it can be easily identified and is continuous throughout 
the quarry.  The unit varies considerably in thickness (0.3m-0.9m) and contains a variety 
of sedimentary structures and fossils indicative of a warm, shallow marine environment 
subject to wave action.  
     Dominant fossils within the unit include echinoderms, cephalopods, bryozoans, 
abraded mollusks, gastropods, brachiopods, and trilobites.  Less-common fossil 
organisms within the unit include ostracodes, foraminifera, algae, and stromatoporoids.  
Mollusk chambers are commonly filled with micrite that contain traces of microbial life, 
including cement in the shape of bacterial filaments and micropeloids. 
     Samples of the cephalopod marker bed were taken in a vertical sequence at two 
locations and from several locations along a north-south transect.  Thin-sections were 
created from the samples; these were then point-counted using 300 counts to attain a 
quantitative analysis of the rock composition.  Fossil abundance and diversity increases 
from the bottom to the top of the sequence and lateral variations within the top two, most-
fossiliferous layers were also observed.   
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     Petrographic analysis of the cephalopod marker bed revealed that on average, 
bioclasts represent ~75% of the rock volume, cement is the next most-abundant 
constituent, and dolomite composes ~9% of the the rock volume.  Dolomitization is 
preferential: it occurs most often in micrite within mollusk shells and might be driven by 
microbial processes; skeletal grain replacement occurs most easily within bryozoans.
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1. Introduction 
     The Silurian-aged (Llandoverian-Alexandrian) Brassfield Formation is composed of 
limestones, dolostones, and interbedded shales.  The Brassfield Formation was studied as 
early as 1857 by D.D. Owen who proposed that it was related to the Clinton Group of 
New York.  Orton (1871) and Foerste (1885, 1906, 1935) conducted early studies on this 
formation.  Foerste (1906) is responsible for naming the Brassfield Formation after its 
type section in Kentucky.  The Brassfield Formation is a time-transgressive unit that 
outcrops in an arc extending through northern Kentucky, southwestern Ohio, and eastern 
Indiana; it also occurs in parts of Illinois, Tennessee, and Arkansas (Rexroad, 1967).  The 
Brassfield is oldest to the south and becomes younger to the north/northwest as a result of 
the northerly transgression of the epeiric sea in which the Brassfield was deposited 
(Rexroad, 1967).  The Brassfield is generally unconformable at its lower and upper 
contacts; below it lie Ordovician shale and limestone and the Dayton Dolomite overlies it 
(Rexroad, 1967).    
     The age of the Brassfield Formation has been determined to be Early Silurian 
(Llandoverian-Alexandrian) based on conodont and brachiopod content (Rexroad, 1967).  
This age was confirmed by Berry and Boucot (1970), who used graptolite and brachiopod 
biozones, and Cooper (1975), who used conodonts.  Most recent biostratigraphic studies 
of the Brassfield Formation have confined its age to 438.6-432.6 Ma (Kleffner, 1998).   
     The current study was conducted on the Brassfield Formation as it is exposed at the 
Oakes Quarry Geology Park, Fairborn, Ohio (NW1/4, NE1/4, section 14, T8N, R3E, 
Yellow Springs 7.5 minute quadrangle).  The Oakes Quarry is located within the 
Cincinnati Arch, just northeast of Dayton, Ohio (Figures 1, 2).  While the quarry was in 
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operation the site was referred to as Reed North Quarry and Fairborn Stone Quarry and is 
referenced as such in the literature prior to 2004.  After quarrying operations ceased, the 
site was purchased by the Oakes Development Corporation and then donated to the City 
of Fairborn.  The importance of numerous geologic features was made known to the 
community and it was decided that the quarry would be converted to a public park.  
Figure 3 is a map of the park.  In addition to the highwall exposure (Figure 4) of the 
Brassfield Formation, fossilized patch reefs from the Silurian Period and glacial features 
from the Quaternary Period can be observed at the park.   
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Figure 1. Map of  Brassfield Formation outcrops in Ohio.  Oakes Quarry is located just east of the 
junction of Routes 675 and 235 in northern Greene County and is marked by the red star.  Map 
taken from Ehlers and Hoover (1961). 
 4
 
Figure 2.  Aerial photograph of the Oakes Quarry site; Route 235 runs along the southern border.  
The dark, distinct polygonal features in the southeast corner are the highwalls in the main study 
area.   
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Figure 3.  Map of Oakes Quarry Park.  The cephalopod marker bed was sampled and measured 
along the eastern highwall that is adjacent to the spoil piles and marked here with a black line.  
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Figure 4.  Field photograph of the Brassfield Formation exposure at Oakes Quarry.  
The white arrows mark the upper and lower contacts of the cephalopod marker 
bed.  Photograph taken by William McIntire. 
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     Friedrich (2006) identified approximately twelve facies within seven distinct units that 
comprise the Brassfield Formation at Oakes Quarry (Figure 5).  The quarry floor (Unit 1) 
is a gray-green, burrowed dolostone; Unit 2 is a pink-tan crinoidal grainstone; Unit 3 is a 
tan-orange crinoidal grainstone; Unit 4 is an orange-brown fossiliferous grainstone 
bounded by calcareous shales; Unit 5 is a pink-gray fossiliferous grainstone rich with 
coral; Unit 6 is a gray, cross-bedded limestone.  Unit 7, which is not continuous 
throughout the quarry, is possibly the Dayton Dolomite.   
     Unit 4 is the subject of interest in the current study and is locally referred to as the 
cephalopod marker bed; its distinct color and fauna allow for easy recognition throughout 
the quarry.  The thickness of the unit varies significantly throughout the quarry, as does 
the nature of its contacts.  Generally the lower contact is sharp and begins with a 
calcareous blue (generally) mudstone.  In some locations the contact is identifiable by 
transtitions of both color and texture from the underlying crystalline unit to the 
cephalopod bed and the mudstone is absent.  The cephalopod marker bed consists of 
multiple layers and is interbedded with blue and red calcareous shales. 
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Figure 5.  Generalized stratigraphic column of the Brassfield Formation exposure at Oakes Quarry 
Park.  Unit 4 is the cephalopod marker bed.   
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      Marker beds, or geologic units that are distinctly different from surrounding units, 
have frequently been identified and described in the course of stratigraphic studies 
because they clearly mark known positions within a vertical sequence.  Identifying a 
marker bed within a vertical succession allows the units above and below to be more 
easily correlated.  If a marker bed can be assigned a dependable age using radiometric 
dating or biostratigraphy, its value increases dramatically.   Ash beds or other volcanic 
units are often used as marker beds because they represent events; this information allows 
the age of rock bodies above or below to be constrained.  An example of such units is the 
Llandoverian bentonites of Sweden, whose chemical signatures allowed for easy 
correlation of the units (Batchelor and Jeppsson, 1994).  Furthermore, the unique 
mineralogic character of the bentonites revealed their source and might be of use in 
correlating other European units of the same age.    
     In addition to its color and macrofossil content, the cephalopod marker bed is also 
unique because of the presence of intragranular micrite, which is not found as matrix 
within the rock.  The numerous mollusk fossils contained within this unit house this blue-
gray micrite; the micrite was examined in this study to determine if it contains preserved 
microbial textures.  Identifying the source of this micrite is essential to reconstructing the 
depositional history of the cephalopod marker bed, and therefore the Brassfield 
Formation at Oakes Quarry.  If the mud is microbial, inferences can be made with respect 
to the chemical and physical environment, as well as the paleoecology.  If the mud is 
depositional the interpretation will be quite different and might indicate a storm event or 
lag deposit.   
 10
     Put back into the context of the entire exposure, results from this and future studies 
could provide clues about how the depositional environment changed to create the 
cephalopod marker bed. 
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2. Objectives 
     This thesis aims to characterize the cephalopod marker bed at Oakes Quarry Park, 
both macroscopically and microscopically, to note the following features: 
1. variations in thickness throughout the quarry; 
2. stratigraphy of the cephalopod marker bed, underlying, overlying, and 
interbedded layers; 
3. general fossil content, as observed in the field, hand sample, and thin-section; 
4. sedimentary structures; 
5. extent, distribution, and form of dolomitization; 
6. type and occurrence of microbial fossils, if they are present.  
These details were then used to interpret the environment of Oakes Quarry during the 
deposition of the cephalopod marker bed and infer diagenetic processes that it has 
undergone since.   
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3. Background 
3.1 Previous Work 
 Early regional studies of the Brassfield Formation were conducted by Owen 
(1857), Orton (1871), Foerste (1906, 1935), Rexroad (1967), Berry and Boucot (1970), 
and Cooper (1975).  Foerste (1935) described the Brassfield Formation in a publication 
that correlated the Silurian Formations in parts of Ohio, Indiana, Kentucky, and 
Tennessee.  Foerste (1935) observed that the Brassfield Formation’s greatest thickness 
occurs in southern Ohio (Adams and Highland counties), with some exceptions.  
Foerste’s (1935) general description of the formation begins at the base with massive, 
unfossiliferous blue limestones, followed upward by irregularly bedded limestones with 
some clay, interbedded limestone and shale, and finally ferruginous limestones.  Beneath 
the ferruginous limestones lies a unit referred to as the “bead bed” in reference to the 
large, numerous crinoid columnals, overlain by an index fossil zone of Whitfieldella 
subquadrata (brachiopods).   
     Berry and Boucot (1970) assigned the age of the Brassfield Formation to match the 
following biozones:  Icriodina irregularis (conodonts), Microcardinalia (brachiopods), 
and the C1-C2 community (brachiopods).  Kleffner (1998) confined the age of the 
Brassfield Formation to 438.6-432.6 Ma using conodonts.   
     Ehlers and Hoover (1961) studied the clay mineralogy of the shale portions of the 
Brassfield Formation in Ohio.  They concluded that the predominant mineral is illite, but 
 13
kaolinite, mixtures of illite and chlorite, and small amounts of chlorite are also present.  
The proportion of kaolinite in the formation decreases from the south to the north of the 
region.  Since kaolinite is more common in environments close to a source area this may 
be an expression of proximity to land.  
     Horvath (1967) conducted subsurface studies of Silurian formations to determine their 
extent; he concluded that the Brassfield is continuous from Kentucky to as far north as 
Sandusky County, Ohio, located near the shore of Lake Erie, and as far east as Ohio 
where it interfingers with the “Clinton” sandstone. 
     Harrison and Harrison (1975) described a molluscan community in the Brassfield 
Formation of Adams County, Ohio, that occurs in a coarsely crystalline, ferruginous 
limestone unit.  The fossils from Adams County were compared to a molluscan 
community found in the Late-Ordovician Maquoketa Formation of Illinois, Iowa, and 
Missouri.  The molluscan fauna includes gastropods, scaphopods, predatory cephalopods, 
and others.  The depositional environment was interpreted as a shallow, near-shore 
marine environment subject to current energy that abraded and disarticulated the 
organisms’ remains.   
     Studies specific to the Oakes Quarry site have been completed by a number of 
individuals.  Lebold (2000), Schneider and Ausich (2002), and Friedrich (2006) noted the 
cephalopod marker bed in their reports.     
      Sheehy (1981) studied the petrology of a carbonate build-up at the current study site; 
he concluded that the buildup (since removed during quarry operations) was one of the 
oldest Silurian organic framework reefs.  Sheehy (1981) described flank beds adjacent to 
the buildup that dip to the northeast and southwest and contain micrite intraclasts and 
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bioclasts derived from the reef sediments.  Sheehy further concluded, based on dip angles 
and rock composition of the beds, that the forereef was located to the northeast and the 
backreef was located to the southwest.     
      Ausich (1984a,b, 1985, 1986a,b,c, 1987a,b; Ausich and Schumacher, 1984; Schneider 
and Ausich, 2002) has studied the Oakes Quarry rocks for more than twenty years and 
made significant progress recording its fossil content, identifying 29 species and 26 
genera of crinoids.  Of these, 23 species and 17 genera are new to science (Ausich, 
personal communication).  Additionally, Ausich and his students have described two 
coral reefs and facies associated with them (Sheehy, 1981; Lebold, 2000; Schneider and 
Ausich, 2002).  Schneider and Ausich (2002) identified and recorded the main 
framebuilders in the patch reefs, described their distribution, and concluded that the patch 
reef faunas at this site are similar to those found in the Jupiter Formation of Anticosti 
Island, Quebec, and the Manitoulin Formation of Manitoulin Island, Ontario (both 
Aeronian, Llandovery).  They also identified the carbonate-producing microbe 
Wetheredella at the Oakes Quarry. 
     Lebold (2000) studied the diversity of epizoan communities on stromatoporoids at the 
quarry.  Lebold’s data demonstrated that the stromatoporoids preserved in the patch reefs 
at Oakes Quarry supported diverse epizoan populations.   
     Friedrich (2006) collected samples in vertical succession at five locations in the 
southeastern portion of the site and produced a facies analysis based on field 
observations, hand samples, and point count data.  Friedrich (2006) concluded that five 
facies associations exist among the seven units (Figure 5) at this location, recording a 
transition in the depositional environments from a lagoon to a reef-associated, subtidal 
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environment.  Additionally Friedrich (2006) noted that crinoids dominate the lithology 
below the cephalopod marker bed but that diversity increases in the units above it, which 
contain significant numbers of corals and stromatoporoids.  Friedrich (2006) interpreted 
the shales as periods of clastic influx possibly related to tidal channels.   
     Initial work has been undertaken to estimate the degree and distribution of 
dolomitization at Oakes Quarry (Klosterman et al., 2006).  Klosterman (2006) concluded 
that the dolomitization is preferential and facies specific; different crystal forms, 
coloring, and distribution trends were observed in each facies.   
     Bayliss and Carney (2004) mapped significant geologic features of the quarry area.  
Several students have also produced educational resources for the Oakes Quarry in 
fulfillment of the Master in Science Teaching degree program at Wright State University.  
These include an educational video, website, fossil guidebook, and numerous lesson 
plans (Bonham, 2004; Ehresman, 2004; Specker, 2004; Smith, 2004; Wise, 2004; 
McIntire, 2005; Wright, 2005).   
     Schmidt (2006) investigated the contribution of calcifying microbes to the sediments 
at Oakes Quarry; he identified a localized microbial lithofacies within Unit 6 (Figures 4, 
5).  Schmidt’s findings included both cryptic and benthic microbes that performed 
heterotrophic and photosynthetic metabolism (Figure 6).  This study demonstrates well 
the preservation of fine-scale structures within the Brassfield Formation that exist at 
Oakes Quarry.  Occurrences of Renalcis, Girvanella, and Rothpletzella were documented 
by Schmidt (2006).   
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0.25 mm
 
Figure 6.  Top photograph: Preserved Girvanella filaments identified in a micrite clast sampled from 
Unit 6 at Oakes Quarry.  Bottom photograph: Micropeloids attributed to microbe Renalcis.  
Photomicrographs taken by William McIntire. 
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3.2 Paleogeography, Climate, And Structure 
          The Oakes Quarry is located on the eastern side of the Cincinnati Arch, which was 
uplifted during the Taconic Orogeny. This tectonic event took place during Late 
Ordovician-Early Silurian time and also created the ancestral Appalachian Mountains: the 
Taconic uplands.  The mountains were located southeast of the study site in present-day 
Virginia (Scotese and McKerrow, 1990).  Foerste’s (1935) reports indicate continuity of 
the Brassfield Formation across the arch.  Formation of the Cincinnati Arch likely created 
favorable conditions for a carbonate “factory” and reef development.   
      During the Silurian Period, Ohio was located in the continental interior of the 
supercontinent Laurentia, which included North America and Ireland (Hallam,1992); 
Oakes Quarry would have been located between 20◦S and 30◦S latitude (Scotese and 
McKerrow, 1990; Hansen, 1998).  This subtropical environment was occupied by an 
epicontinental sea that transgressed north through Kentucky into Ohio, and west into 
Indiana; local paleocurrents were southwestward (Sheehy, 1981; Schneider and Ausich, 
2002).   
     Global sea level experienced four highs during the Early Llandoverian.  The first was 
a rapid rise following the end of the Ordovician.  Then a punctuated low took place, 
followed by a second rise similar in magnitude to the first.  These eustatic sea level 
changes were a response to global deglaciation following the glacial periods of the Late 
Ordovician and Early Silurian and are responsible for the flooding of the continents with 
epeiric seas (Hallam, 1992). 
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4.  Methodology 
     Fieldwork was conducted to make macroscopic observations, collect samples, 
measure the unit thickness, and take GPS (Global Positioning System) readings at each 
log point.  Log points are locations at which the thickness was measured and the unit was 
sampled.  Log points occurred at five meter intervals where accessible.  Log points were 
recorded with an identification number according to the date of the field work, followed 
by a dash and the location number for that day, so that a sample collected on January 1, at 
the first stop would be labeled 0101-1.  If a vertical succession of samples was taken at a 
given location each sample would be given an additional suffix represented by a letter, so 
that the bottom (oldest) sample would be given an “A”, the next a “B,” and so on. Thin-
sections were made in the WSU thin-section laboratory for each sample; 40 samples were 
selected for analysis in this thesis.  Fossil abundance, diversity, and character of unit 
contacts were also recorded at these locations.  Thin-sections were described using 
traditional petrographic techniques and then 25 selected thin-sections were point-counted.  
During point count analysis the occurrence of most common skeletal grains, cement, 
dolomite, micrite, and porosity were recorded.  Three-hundred points were counted for 
each thin-section. 
     The results of hand sample descriptions and thin-section analysis were used to classify 
the unit following Dunham (1962); the dolomite was described following Folk’s grain-
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size scale for carbonate rocks (1959).  Whether or not the dolomite grains were zoned, 
and their clarity, were also noted.  
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5. Results 
5.1 Unit Field Description 
     The cephalopod marker bed is an orange-brown, coarsely crystalline fossiliferous 
grainstone that varies in thickness from less than 0.3 meters to almost a meter throughout 
the quarry (Unit 4, see Figure 5).  The unit consists of multiple grainstone layers (3-8) 
that vary in texture and composition and alternate with blue and red carbonate mudstones 
(Figures 7, 8).  Lateral variations of the unit’s stratigraphy occur within the quarry, 
including changes in color, grain size, sedimentary structures, fossil abundance and type, 
and the addition or omission of some layers.   
     The bottom contact is a sharp break throughout the quarry, however the base of the 
unit varies; the cephalopod bed begins with a blue carbonate mudstone at some locations.  
At locations in which the mudstone is absent there is a sharp transition from the 
underlying crinoidal grainstone/packstone (Unit 3, see Figure 5), marked only by a 
change in color (Figure 8).   
     The character of the contacts also varies, ranging from planar contacts in the lower 
layers to wave ripple-like structures in the upper layers.  The uppermost layer is the most 
fossiliferous with a notable frequency of cephalopod and gastropod fossils which house 
blue-gray or tan micrite that appears similar to the interbedded mudstones.  The mollusk 
shells are filled with clear, equant calcite cement.  This layer is also the most commonly 
rippled layer within the unit and generally is wavy on the top and bottom.   
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     The ripples are symmetrical and wave height is 2-3 cm with 19-20 cm wavelengths.  
Waves appear to be less symmetrical at the southern end of the quarry.   Rounded to 
subrounded clasts, several centimeters in diameter, of blue-gray mud also exist within the 
unit; this mud appears to be similar to the micrite found within the mollusk fossils.  Wavy 
partings of blue mudstone are also present within the cephalopod marker bed.   
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Figure 7.  Generalized stratigraphy of the cephalopod marker bed.
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Figure 8.  Photograph of the cephalopod marker bed at Oakes Quarry.  The underlying unit is a blue 
mudstone that is absent in this image due to weathering. 
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Figure 9.  Photograph of the upper-most layer of the cephalopod marker bed.  
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5.2 Hand Sample Descriptions 
      Hand samples from the lower-most unit are lightest in color, sometimes dark brown at 
the bottom, but generally a tan-orange, copper color; the samples are fossiliferous 
grainstones with rough, rippled upper surfaces and occasional cross-lamination (Figures 
10-13).  Observed fossils include cephalopods, at least three types of bryozoans, crinoid 
stems and ossicles, horn coral, trilobite fragments and brachiopods; stromatoporoids are 
present but were only identified on the upper surfaces.  Mollusk fossils are filled with 
blue or tan mud.  Fossiliferous blue mudstones from the overlying layer are often 
embedded in the surfaces as well; skeletal grains within the mudstone are dark pink to red 
in color.  Fossils on the upper surface do not appear to be oriented; cephalopods within 
the rock are in a horizontal position.   
     Hand samples from the middle layers are tan-brown in color and vary from 
fossiliferous packstones to grainstones (Figures 10-11).  The only sedimentary structures 
the samples exhibit are laminations and a rippled surface; the ripples are approximately 2 
cm from crest to trough, with an unknown wavelength.  A cephalopod filled with tan mud 
and a few brachiopods comprise the few fossils large enough to identify in the rock, 
though the surfaces are coated with micrite that contains echinoderms, bryozoans, and 
stromatoporoids that are magenta to red in color. 
     The top three layers of the cephalopod bed contain the highest density of large 
gastropod and cephalopod fossils; these samples are orange-brown in color and lack 
sedimentary structures.  Blue and tan mud fill the mollusk fossils; crinoid pieces 
dominate the rock matrix, giving it a glittery appearance (Figures 12-13). 
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Figure 10.  Hand sample taken from the cephalopod marker bed.  Large bryozoan visible  in the 
center.  Mollusk fossils replaced with tan mud; clast of blue mudstone in lower right corner. 
 
Figure 11.  Hand sample taken from the cephalopod marker bed; tan and blue micrite fill mollusk 
fossils.  Several gastropods and cephalopods  are visible. 
 
Figure 12.  Hand sample taken from the cephalopod marker bed.  Cement-filled mollusk shells; tan 
and blue micrite fill mollusk chambers. 
 
Figure 13.  Hand sample taken from the cephalopod marker bed, dense with gastropods filled with 
blue micrite. 
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5.3 Thin-section Descriptions 
     Thin-sections created from the cephalopod marker bed contain a variety of skeletal 
grains, including abundant crinoids, echinoids, ostracodes, bryozoans, brachiopods, 
trilobites, cephalopods, pelecypods, gastropods, and corals (Figures 14-17).  Also present, 
though more rare, are foraminifera and pieces of stromatoporoids.  Most of the 
echinoderm grains exhibit syntaxial rim cement.  Radial fibrous cement outlines many 
ostracodes and mollusk grains.  Sparry calcite cement occupies most of the intergranular 
space.  Calcite cement also fills skeletal grains, most commonly mollusk shells (Figures 
18-20).  Non-skeletal grains include intraclasts and peloids.  Non-carbonate grains 
include pyrite, hematite, and very rarely, quartz.  Micrite is contained within ostracodes, 
bryozoans, corals, and mollusk grains, but also occurs as micritized grains, peloids, and 
occasionally as matrix (Figures 21-26).  Isopachous marine cement fills former pore 
space (Figures 27-30).  Dolomite has replaced micrite, cement, void space, and overprints 
specific skeletal grains (Figures 31-34).  The dolomite occurrence is described more 
thoroughly below.  Grain coatings include algae, pyrite, and micritic envelopes.  
Insoluble pressure solution residue and stylolites occur in some samples (Figures 35-37).  
See Table 5 (Appendix) for thin-section references corresponding to photomicrographs.   
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Figure 14.  Photomicrograph of general composition of the cephalopod marker bed; fossiliferous 
grainstone dominated by crinoids, brachiopod at center, mollusk fossils filled with cement.  2.5x, field 
of view=4.0 mm. 
 
Figure 15.  Photomicrograph of general composition of the cephalopod marker bed; fossiliferous 
grainstone, ostracodes and intraclasts rare-common.  2.5x, field of view=4.0 mm. 
 
Figure 16.  Photomicrograph of general composition of the cephalopod marker bed; fossiliferous 
grainstone; coral at center filled with micrite.  2.5x, field of view=4.0 mm. 
 
Figure 17. Photomicrograph of general composition of the cephalopod marker bed; some micrite 
present as matrix, trilobite at center.  2.5x, field of view=4.0 mm. 
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Figure 18.  Pelecypod filled with cement, microstructure still apparent. 10x, field of view=1.0 mm.  
 
Figure 19.  Gastropod shell filled with cement.  10x, field of view=1.0 mm. 
 
Figure 20.  Cephalopod shell filled with cement, chambers filled with skeletal grains and cement. 
2.5x, field of view=4.0 mm.  
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Figure 21.  Micritized echinoderm grain, 2.5x, field of view=4.0 mm. 
  
Figure 22.  Micrite contained within cephalopod chamber, 10x, field of view=1.0 mm. 
 
Figure 23.  Coral septae, chambers filled with micrite.  2.5x, field of view=4.0 mm. 
 
Figure 24.  Bryozoan zooecia filled with micrite, skeletal grains, cement, and dolomite, 2.5x, field of 
view=4.0 mm. 
 31
 
Figure 25.  Bryozoan zooecia filled with dark and light gray micrite, cement, amd dolomite.  2.5x, 
field of view=4.0 mm. 
 
Figure 26.  Micrite and dolomite fill of gastropod fossil. 2.5x, field of view=4.0 mm. 
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Figure 27.  Isopachous marine cement infilling cavity space; concentric brown-orange layers visible, 
dolomite crystals surround it.  2.5x, field of view=4.0 mm. 
 
Figure 28.  Magnification of Figure 27; 10x, field of view=1.0 mm.  Clear, sparry cement surrounded 
by brown-orange layers.   
 
Figure 29.  Isopachous marine cement infilling cavity adjacent to micrite aggregate; dolomite crystals 
visible in micrite.  2.5x, field of view=4.0 mm.  
 
Figure 30.  Magnification of Figure 29; 10x, field of view=1.0 mm.   
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Figure 31.  Clear dolomite rhombs replacing micrite, 2.5x, field of view=4.0 mm. 
 
Figure 32.  Dolomite rhombs replacing calcite cement adjacent to pressure solution residue.  10x, 
field of view=1.0 mm. 
 
Figure 33.  Clear, zoned dolomite rhombs replacing micrite and pore space within mollusk shell.  
2.5x, field of view=4.0 mm. 
 
Figure 34.  Gold-brown centered, zoned dolomite rhombs replacing bryozoan fossil.  2.5x, field of 
view=4.0 mm. 
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Figure 35.  Pressure solution residue along zoned dolomite rhomb contacts.  10x, field of view=1.0 
mm. 
 
Figure 36.  Pressure solution residue between grain contacts, 10x, field of view=1.0 mm. 
 
Figure 37.  Dark brown-red deposits are pressure solution residue occupying intergranular locations 
in layers parallel to bedding.   
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     The thin-section from the red mudstone located above the cephalopod marker bed 
contains abundant crinoid fragments and many other skeletal grain types, including 
trilobites, ostracodes, echinoid spines, foraminifera, bryozoans, mollusk fragments, and 
brachiopod fragments.  Pressure solution residue and stylolites are also present.  No 
dolomite is present within this unit and micrite occurs as both intergranular matrix and 
intragranular fill, especially within osctracode shells.  See Figures 38-44. 
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Figure 38.  Fossiliferous red mudstone overlying the cephalopod marker bed.  2.5x, field of view=4.0 
mm.  
 
Figure 39.  Microstylolites within the red mudstone, 2.5x.  Field of view=4.0 mm. 
 
Figure 40.  Bioclasts within the mudstone are abraded and generally smaller in size than those within 
the grainstone layers.  2.5x.  Field of view=4.0 mm. 
 
Figure 41.  Ostracodes are common within the red mudstone; the distribution of grains and matrix is 
non-uniform throughout this layer.  2.5x.  Field of view=4.0 mm. 
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Figure 42.  Photomicrograph displaying greatest incidence of micrite within the red mudstone.  2.5x, 
field of view=4.0 mm.  
 
Figure 43.  Possible microbial sedimentation within red mudstone.  2.5x, field of view=4.0 mm. 
 
 38
5.4 Point Count Data 
     Twenty-five thin-sections were point counted to attain a quantitative description of the 
unit’s composition.  Most of the thin-sections are from the upper, most-fossiliferous layer 
of the cephalopod bed along a north-south transect, though two vertical series are 
included to observe how the unit changed over time.  One thin-section from the overlying 
red shale was also point counted.  Raw point count data is located in the Appendix. 
     Figure 44 illustrates the percentage of rock volume composed of bioclasts in a vertical 
sequence of rocks.  Figure 45 illustrates the percentage of rock volume composed of 
bioclasts in the top layer of the cephalopod marker bed along a north-south transect.  
Fossil abundance increases in the cephalopod unit over time; bioclasts compose as little 
as 43.3-68.7% of the rock volume in lower layers (Figure 44) but increase to 91.3% of 
the rock volume in the top layer (Figure 45).  Bioclasts clearly reach their maximum 
within the top layer, however the percentage of bioclasts decreases significantly at certain 
locations.  The data show a slight decrease in this layer in a north-south direction.   
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Figure 44.  Percentage of bioclasts in vertical succession at sampling location 0428-8. 
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Figure 45.  Percentage of bioclasts in the top layer of the cephalopod marker bed along a north-south 
transect. 
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     Average values for the volume of rock occupied by marine invertebrates throughout 
the cephalopod unit are shown in Figure 46.  Echinoderms make up more than half of the 
bioclasts (61.9%), followed by cephalopods (10.8%), abraded mollusks (7.3%), and 
bryozoans (6.8%).  Gastropods, brachiopods, and trilobites each represent approximately 
4% of the skeletal grains.  On average, ostracodes, foraminifera, algae, and 
stromatoporoids each compose less than 1% of the skeletal grains. 
     Figure 47 shows the percentage volume distribution of fossils groups for the vertical 
succession.  Figure 47 corresponds to location 0428-8 and expresses an increase in the 
volume of echinoderms in the second layer that is accompanied by an increase in the 
number of fossil groups, or diversity (Figure 47).  The top two layers at 0428-8 show 
decreased volumes for echinoderms and continued increases in other fossil types (Figure 
47). 
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Figure 46.  Graph summarizing average values of organisms within the total volume of bioclasts in 
the cephalopod unit.  
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Figure 47.  Graph summarizing the percent volume and diversity of bioclasts at location 0428-8.  
0428-8a is the lower-most grainstone layer at this location.   
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     Each organism shows different trends within the fossiliferous top layer along a north-
south transect (Figures 48-51).  Ostracodes, brachiopods, and abraded mollusks hardly 
vary in value throughout the samples (Figures 49-51).  Point count data suggest that 
echinoderms, trilobites, bryozoans, and gastropods decrease slightly in a north-south 
direction (Figures 48-51).  Cephalopods, however, increase in a north-south direction 
(Figure 51). 
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Figure 48.  Bar graph expressing the percentage of bioclasts in the top layer that are echinoderms. 
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Figure 49.  Bar graph expressing the percentage of bioclasts in the top layer that are bryozoans and 
brachiopods. 
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Figure 50.  Bar graph expressing the percentage of bioclasts in the top layer that are trilobites and 
ostracodes. 
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Figure 51.  Bar graph expressing the percentage of bioclasts in the top layer that are gastropods, 
cephalopods, and abraded mollusks. 
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     Figures 52 and 53 demonstrate the volume percentage occupied by orthochems in the 
cephalopod unit.  Figure 52 shows a continuous decrease in dolomite from bottom 
(15.7%) to top (5.00%).  Porosity is not present in the bottom layer but decreases in 
volume after its appearance (1.00-0.33%).  Micrite varies from 0.33%-6.33%, cement 
varies from 7.00-11.7%; neither exhibit a consistent trend.  
     Dolomite ranges from 0-12.7%, micrite ranges from 0-9.3%; both exhibit a general 
increase to the north.  The maximum volume of cement occurs at the northern-most 
location (27.0%); values generally decrease to the south with a minimum occurrence of 
1.67%.  Porosity does not vary significantly along the north-south transect (0-1.33%).
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Figure 52.  Percent rock volume occupied by orthochems in the vertical succession at location 0428-8. 
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Figure 53.  Percent rock volume occupied by orthochems in top layer of cephalopod along the north-
south transect.  
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     Point count data for the red mudstone overlying the cephalopod marker bed is 
summarized in Figures 54 and 55.  Bioclasts compose 62% of the rock volume, followed 
by micrite (33%) (Figure 54).  Cement, porosity, and dolomite are negligible within this 
layer.  Echinoderms and abraded mollusks are the largest skeletal components of the red 
mudstone, comprising 30.7% and 15.3% of the fossils, respectively.  Bryozoans (6.3%) 
and trilobites (5%) are common; brachiopods (2.7%), ostracodes (1%), and foraminifera 
(1%) are present but rare. 
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Figure 54.  Percent composition of the overlying red mudstone, by volume. 
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Figure 55.  Percent composition of the bioclasts within the red mudstone.  
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5.5 Occurrence and Character of Dolomite 
     Point count analysis of the cephalopod marker bed revealed that dolomite composes, 
on average, approximately 8.76% of the rock matrix (Figure 52, Table 1 (located in the 
Appendix)).   
Table 1. Occurrence of Dolomite 
Original Constituent %  
Unknown 28.39 
Mud in Mollusk 21.88 
Mud as matrix 15.51 
Filling in Porosity  12.05 
Cement 7.89 
Echinoderm 5.26 
Bryozoan 3.05 
Mollusk Shell 2.08 
Pressure Solution 1.52 
Free in Matrix 1.25 
Brachiopod 0.97 
Intraclast/Micritized.Grain 0.14 
Total 100.00 
 
     Replacement of specific fossils by dolomite, however, is also apparent within this unit.  
The sum of the dolomite counted as a constituent of the rock matrix (as grains or cement) 
and as grain-replacement is 18.8%.  Most commonly dolomite has replaced micrite that is 
contained within gastropod and cephalopod fossils (21.9%), followed by micrite in clasts 
or as matrix (15.5%).  Table 1, however, also shows that echinoderms, bryozoans, and 
brachiopods have been partially replaced.   
     Dolomite occurs most commonly within this unit as clear, zoned rhombs with yellow 
centers, though euhedral crystals lacking zonation and noneuhedral crystals do occur.  
The color of the crystals also varies from clear, to gold and gray.  Crystal size is fine to 
medium, generally less than 0.16mm in its longest dimension. 
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Figure 56.  Zoned, euhedral dolomite rhombs with gold-brown centers replacing bryozoan fossil.  
2.5x, field of view=4.0 mm. 
 
Figure 57. Euhedral-subeuhedral zoned dolomite rhombs with gold-brown centers replacing micrite 
within cephalopod chambers.  2.5x, field of view=4.0 mm.  
 
Figure 58.  Micrite and skeletal grains fill gastropod chambers; clear, cloudy zoned dolomite rhombs 
replace the micrite.  2.5x, field of view=4.0 mm. 
 
Figure 59.  Transverse cross-section of cephalopod; clear, subeuhedreal-anhedral dolomite crystals 
fill cephalopod chambers, cement and skeletal grains fill siphuncle.  2.5x, field of view=4.0 mm. 
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Figure 60.  Clear dolomite rhombs replacing micrite within cephalopod chambers, 2.5x, field of 
view=4.0 mm. 
 
Figure 61.  Clear, zoned dolomite rhombs replacing micrite within micritic envelope surrounding 
cement-filled mollusk fossil.  2.5x, field of view=4.0 mm. 
 
Figure 62.  Gold-centered, zoned dolomite rhombs replacing cement and micrite inside cephalopod.  
10x, field of view=1.0 mm. 
 
Figure 63.  Cloudy-centered, zoned dolomite rhombs replacing micrite inside cephalopod.  2.5x, field 
of view=4.0 mm. 
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Figure 64.  Gold, anhedral-subeuhedral dolomite crystals replacing intraclasts.  2.5x, field of 
view=4.0 mm. 
 
Figure 65.  Clear and gold-centered dolomite rhombs replacing matrix micrite.  2.5x, field of 
view=4.0 mm. 
 
Figure 66.  Gold-centered, zoned dolomite rhombs replacing micrite within cephalopod chambers.  
10x, field of view=1.0 mm. 
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5.6 Occurrence and Character of Microbial Fabrics within Micrite 
     Micrite contained within clasts and mollusk chambers contains fabrics suggestive of 
microbial fossils.  Micrite within mollusk fossils contains filament-shaped cement 
deposits (Figures 67-70); sometimes these cement deposits are accompanied by dark 
brown-black micropeloids (Figures 71-74).  Micrite within clasts contain black 
micropeloids; the clasts are enveloped with fibrous radial cement (Figures 75-81). 
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Figure 67.  Filament-shaped aggregates of cement within partially dolomitized micrite inside 
mollusk.  2.5x, field of view=4.0 mm. 
 
Figure 68.  Magnification of Figure 67; 10x, field of view=1.0 mm. 
 
Figure 69.  Filament-shaped aggregates of cement within micrite inside cephalopod.  2.5x, field of 
view=4.0 mm 
 
Figure 70.  Magnification of Figure 67; 10x, field of view=1.0 mm 
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Figure 71.  Micrite containing yellow, zoned dolomite rhombs, peloids, and fikament-shaped cement 
aggregates.  2.5x, field of view=4.0 mm. 
 
Figure 72.  Micrite containing yellow, zoned dolomite rhombs, peloids, and filament-shaped cement 
aggregates.  2.5x, field of view=4.0 mm 
 
Figure 73.  Micrite containing peloids, and filament-shaped cement aggregates.  2.5x, field of 
view=4.0 mm 
 
Figure 74.  Micrite containing  peloids, and filament-shaped cement aggregates and adjacent cement.  
2.5x, field of view=4.0 mm 
 
 56
 
Figure 75.  Micropeloids within micrite clast, surrounded by clear, radial fibrous cement, 2.5x, field 
of view=4.0 mm. 
 
Figure 76.  Micropeloids within micrite clast, surrounded by clear, radial fibrous cement, 10x, field 
of view=1.0 mm. 
 
Figure 77.  Micropeloids within micrite clast, surrounded by clear, radial fibrous cement, 10x, field 
of view=1.0 mm. 
 
Figure 78.  Micropeloids within micrite clast, surrounded by clear, radial fibrous cement, 10x, field 
of view=1.0 mm. 
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Figure 79.  Micropeloids within micrite clast, surrounded by clear, radial fibrous cement, 10x, field 
of view=1.0 mm. 
 
Figure 80.  Micropeloids within micrite clast, surrounded by clear, radial fibrous cement, 10x, field 
of view=1.0 mm 
 
Figure 81.  Micropeloids within micrite clast, surrounded by clear, radial fibrous cement, 10x, field 
of view=1.0 mm 
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5.7 Trace Fossils 
     Horizontal (Figures 82-83) and vertical burrows (Figure 84) were observed in the field 
and thin-section.  The horizontal burrows observed in the field are filled with tan or blue 
mud.  The vertical burrow observed in thin-section is partially filled with pyrite.    
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Figure82.  Horizontal burrows located on the upper surface of the top layer of the cephalopod 
marker bed, filled with tan mud. 
 
Figure 83.  Horizontal burrows located on the upper surface of the top layer of the cephalopod 
marker bed, filled with blue mud. 
 
Figure 84.  Vertical burrow partially filled with pyrite.  2.5x, field of view=4.0 mm. 
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6. Discussion/Interpretation 
     The cephalopod marker bed consists of a suite of layers that mark a significant change 
in the depositional environment of the Brassfield Formation at Oakes Quarry Park.  The 
cephalopod marker bed separates crinoid-dominated grainstones in the lower half from 
more diverse fossiliferous limestones in the upper half of the exposure (Friedrich, 2006) 
(see Figure 5).  Skeletal grains of a diverse invertebrate marine community compose most 
of the cephalopod marker bed.  The point count data (Figures 44-55) show that the unit is 
composed of bioclasts/skeletal grains, non-skeletal carbonate grains, non-carbonate 
grains, cement, dolomite, micrite, and porosity.  Skeletal grains compose, on average, 
74.7% of the grainstone layers.  The lowest value (43.3%) was counted in the first layer 
of grainstone, while the largest average values (81%) were counted in the top layers, 
indicating an upward increase in bioclast deposition.  The red mudstone contains 62% 
bioclasts.  These values indicate that the environment became more favorable for marine 
life or fossil preservation over the period of deposition. 
     Echinoderms clearly dominate the unit’s skeletal grain composition, comprising on 
average 61.9% of the bioclasts (Figure 46).  The remaining <40% is distributed, in 
descending order, among cephalopods (10.8%), abraded mollusks/pelecypods (7.34%), 
bryozoans (6.78%), brachiopods (3.96%), trilobites (3.96%), gastropods (3.68%), 
ostracodes, algae, coral, and stromatoporoids (each <1%).   
 61
     Point count data from the vertical successions also show an increase in diversity over 
time, with echinoderms dropping from 70.3-81.8% in the lower layers to 52.3-65.8% in 
the top layers (Figure 47).  The decrease in echinoderms is accompanied by an increase in 
bryozoans, trilobites, pelecypods, and the appearance of ostracodes.  Brachiopods and 
other groups maintain similar count values throughout.  The unit’s overall diversity is 
reflected by the variety of organisms that are visible in hand sample and thin-section, 
which include: 
• tabulate and rugosa corals   
• fenestrate, encrusting, and ramose bryozoans 
• at least two forms of gastropods  
• at least three different pelecypods 
• at least two nautiloid and one coiled cephalopod 
• at least three different brachiopods. 
     The top layer is the most fossiliferous (47.0-91.3% bioclasts, average 80.5%) and 
exhibits the highest diversity, containing 52.3% echinoderms, 18.3% cephalopods, 8.88% 
abraded mollusks/pelecypods, 6.38% gastropods, 6.16% bryozoans, and <1% each: 
ostracodes, coral, algae, and stromatoporoids (Figures 45, 48-51).  North-south trends 
indicate that cephalopods increase to the south, while echinoderms decrease and all other 
groups maintain similar values.   
     The preferred habitats of the dominant organisms can suggest details about the 
depositional environment.  Most of the identified organisms are benthic creatures that 
rely on filter-feeding and/or grazing for nutrition, with the exception of cephalopods, 
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which are nektonic organisms that prey or scavenge for food.  Cephalopod predation may 
account for the decrease in other organisms where cephalopods have the largest values. 
      Crinoids, the most abundant organism, are known to inhabit a wide range of depths, 
though they thrive in shallow marine environments and are most common on the 
landward sides of barriers or shoals, or in lagoons (Prothero, 2004).  Corals and 
bryozoans also thrive in warm, shallow marine environments, but require clear water so 
they do not become clogged (Prothero, 2004; Benchley and Harper, 1998).  Additionally, 
many of these organisms are sessile, thereby needing a stable substrate to attach to, and 
acquired food through the nutrient-laden water that low to moderate currents can carry 
over them.  If the energy level was high, however, crinoids and bryozoans would not 
have been as numerous as they are due to their delicate nature.  The decrease in 
echinoderms and increase in cephalopods toward the south might indicate an increase in 
energy level or direction toward open ocean.   
     The composition of bioclasts and sedimentary structures present within the 
cephalopod marker bed indicate a shallow marine environment within the Silurian   
epicontental sea of the continental interior that was subject to moderate-low energy wave 
action.  A sedimentation model for epeiric seas was developed by Irwin (1965) and 
consists of a series of wide zones that vary in energy level; these energy level variations 
determine the taxa that thrive in each zone and the texture of the sediments deposited 
therein.  The slope of the seafloor in Irwin’s model is less than one foot per mile.   
     Micrite is not present in all of the examined thin-sections and is only visible in hand 
sample as clasts or mollusk fill.  Micrite composes approximately 3% of the rock volume 
as matrix, generally observed in thin-section as aggregate clumps.  These clumps were 
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often observed adjacent to the isopachous fringes of cement that fills in pore space.  This 
supports the interpretation of a moderate energy system that could wash away 
depositional micrite that might have formerly occupied the pore space.  The micrite clasts 
and the micrite contained within mollusk fossils were examined for microbial content; 
both contain structures related to microbial life.  Microbial fossils and life processes will 
now be discussed.    
     Bacteria, protozoans, and microscopic algae and fungi are collectively referred to as 
microbes because of their size.  Various microbial life processes are known to induce 
precipitation of microcrystalline carbonate (Monty, 1995; Pratt, 1995; Pratt, 2000; Reid et 
al., 2000; Riding, 2000; Riding and Awramik, 2000; Whalen et al., 2001; Flugel, 2004).  
Aggradation of the resultant micrite can produce subtidal structures with topographic 
relief similar to that of ecologic reefs.  The earliest reef complexes and mud mounds are 
attributed to microbial sedimentation and date back to the Proterozoic Era (e.g. 
stromatolites, 3.5+ bya) (Monty, 1995; Pratt, 1995; Pratt, 2000; Reid et al., 2000; Riding, 
2000; Riding and Awramik, 2000; Whalen et al., 2001; Flugel, 2004). 
     Many bacteria secrete a mucilaginous sheath composed of polysaccharides that 
functions as a protective layer and a medium for chemical exchange, as well as 
facilitating attachment and mobility in loose substrate (Pratt, 2000; Riding 2000).  During 
life, photosynthetic microbes alter the chemistry of the environment surrounding the 
sheath when the organism photosynthesizes and takes in CO2.  The loss of CO2 increases 
the pH and if all other conditions are favorable this can cause carbonate to precipitate.  
     Heterotrophic microbes degrade organic material, such as cyanobacterial filaments or 
the soft parts of other organisms.  Degradation incorporates redox reactions: bacteria 
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oxidize organic material to water and CO2 by reducing the inorganic components 
dissolved in seawater.  Such processes include ammonification, nitrate reduction, 
sulphate reduction, methane oxidation, and the oxidation of fatty acids (Monty, 1995; .  
As a result of these processes the chemical microenvironment experiences increased 
alkalinity due to local increased concentrations of HCO3-, which causes supersaturation 
of carbonate, and micrite precipitates (Monty, 1995; Pratt, 1995; Pratt, 2000; Reid et al., 
2000; Riding, 2000; Riding and Awramik, 2000; Whalen et al., 2001; Flugel, 2004).  . 
     Upon death of a microbe, its sheath becomes charged, attracts carbonate molecules, 
and acts as a nucleation site for precipitation (Monty, 1995; Pratt, 2000; Riding, 2000; 
Riding and Awramik, 2000; Whalen et al., 2001; Flugel, 2004).  Fossilization of the 
sheath can occur if calcium carbonate crystals envelop it.  If the microbe’s physical parts 
or their products are preserved, they can be identified by their distinctive fabrics.   
     Microbial fabrics include peloids and micropeloids, laminations that envelop cavities, 
pendants, or filament-shaped structures surrounded or filled by cement (Figures 85-91) 
(Monty, 1995; Pratt, 2000; Riding, 2000; Riding and Awramik, 2000; Whalen et al., 
2001; Flugel, 2004). 
     The micritic textures within the mollusks appears to be poorly preserved Girvanella 
filaments.  This possibility, however, is problematic as Girvanella has only been 
documented as a photosynthetic bacteria in the literature.  The large clast of micrite 
containing well-defined, black micropeloids (see Figures 75-81) is attributed to the 
microbe Renalcis.  Some intragranular micrite located within the mollusk chambers also 
contains less well-defined micropeloids that may have the same origin (Figures 71-74).  
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Figure 85.  Impregnated Girvanella sheath; filament shape preserved.  Field of view=1.5 mm.  Image 
from Riding (2000).  Compare to Figures 67-68. 
 
Figure 86.  Former locations of bacterial filaments filled with cement, sheath has been micritized and 
is no longer visible.  Image from Monty (1995).  Scale bar=40 µm.  Compare to Figures 67-71. 
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Figure 87.  Bacterial filaments replaced with micrite.  Image from Monty (1995).  Scale bar=40 µm.  
Compare to Figures 69-74. 
    
Figure 88.  Poor preservation of cyanobacteria--only traces of filaments remain, accomplanied by 
peloids and micropeloids.  Image from Monty (1995).  Scale bar=40 µm.  Compare to Figures 75-81. 
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     Carbonate sediments undergo diagenetic processes that transform them physically and 
chemically.  Diagenesis begins after deposition and occurs in three environments: the 
seafloor, the meteoric realm that is affected by ground water, and deep burial 
environments (Bathurst, 1975).  Cementation, compression, pressure solution, 
micritization, and dolomitization are examples of diagenetic processes.  These processes 
alter the mineralogy of grains and the rock body, the porosity, the permeability, and the 
preservation of fossils.   
     Micritized grains are also a common occurrence within this unit.  Micritization occurs 
when endolithic organisms (bacteria, algae, fungi) bore into grains and alter their 
microstructure by converting the original material to microcrystalline calcite (Bathurst, 
1975; Tucker and Wright, 1990).  In order for micritization to occur the grains must be 
relatively stationary, therefore limiting this process to lower energy environments.  This 
process occurs at or just beneath the seafloor, and begins with a micritic envelope, or 
micritization of the grain surface (Bathurst, 1975; Tucker and Wright, 1990).  
Micritization results in a loss of the grain’s original microstructure as its crystalline form 
is converted to microcrystalline calcite (Bathurst, 1975; Tucker and Wright, 1990). 
     The degree of micritization varies within the unit; some grains have only a micritic 
envelope, while others are entirely micritized.    Since micritization of grains is attributed 
to microbial behavior by endolithic algae, bacteria, and fungi it can be assumed that the 
environment could support these groups during deposition or soon after when the 
sediments were just below the sea floor.  Algae and most Silurian-aged bacteria would 
have required sunlight and sufficient CO2 to survive. 
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     Isopachous fringes of cement fill intergranular cavities in thin-sections from several 
locations (Figures 27-30).  Tucker and Wright (1990) describe similar cements as marine 
cement; the laminated appearance is created by a series of cementation events that 
involved different aqueous chemistries.  Isopachous marine cement is associated with 
cavities along seaward margins of reefs and related features, such as Neptunian dykes 
that are home to such organisms as Renalcis, nautiloids, and ammonites (Tucker and 
Hollingworth, 1986; Tucker and Wright, 1990).  Within the isopachous cement of the 
cephalopod marker bed, each layer is marked by an orange-brown color likely caused by 
iron-enrichment.  Cementation can occur soon after deposition on the seafloor, but can 
also occur at much later times.  The precipitation of cement decreases the porosity of the 
sediments.   
     The orange-brown color of the cephalopod bed reflects higher iron content in this unit 
relative to the rest of the Brassfield Formation at this location.  A similarly described unit 
is present in the Brassfield Formation in Adams County, Ohio, which contains limonite 
and pyrite and is described as iron-enriched limestone (Harrison and Harrison, 1975).  
Pyrite is also present up to 1% within the cephalopod unit at Oakes Quarry as grain 
coatings and non-carbonate grains.  The iron-enrichment and pyrite distribution could be 
a result of seawater chemistry, the metabolism of reducing bacteria, or post-depositional 
pore-water chemistry (Benchley and Harper, 1998).  
     Carbonate rocks are composed of three minerals: calcite (CaCO3), aragonite (CaCO3), 
and dolomite (CaMg(CO3)2).  In today’s oceans aragonite is the most common 
precipitate; however it is metastable and quickly converts to calcite (Tucker and Wright, 
1990).  With few exceptions, primary dolomite precipitation has not been widely 
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observed in modern environments and the rock record shows an increase in dolostone 
with older rocks.  These observations allow for two possibilities: 1) ancient seawater was 
enriched with magnesium relative to today’s seas, and/or 2) limestone is converted to 
dolostone over time (Tucker and Wright, 1990).   
     The extent of dolomitization is important because the porosity of the rock increases 
and the integrity of the fossils decreases when dolomitization occurs (Tucker and Wright, 
1990). The Brassfield Formation exhibits dolomitization of varying textures and degrees 
at different locations.  Dolomite composes 8.76% of the cephalopod marker bed by 
volume as a grain and 18.8% of the rock volume as grains and as replacement.  Of the 
original constituents that could be identified, dolomite most commonly replaced micrite 
in mollusks and matrix micrite (Table 1).  Fossil grains that were dolomitized, in 
decreasing order, are echinoderms, bryozoans, mollusks, and brachiopods.  Although the 
percentage of dolomite found replacing bryozoans only accounts for 3% , it should be 
noted that bryozoans only account for 5% of the rock composition.  Therefore it appears 
more likely that a bryozoan would be dolomitized than an echinoderm or other grains.   
     It is possible that the dolomite that fills void space is primary, while the dolomite 
replacing the skeletal grains and the micrite is secondary.  These observations, however, 
indicate that the production of secondary dolomite within this unit is preferential and 
possibly related to microbial activity given the character of the micrite within this unit.  
Vasconcelos and McKenzie (1997) observed dolomite precipitation within an anoxic 
layer of sludge that was deposited at the sea water-sediment interface.  The chemical 
conditions were made favorable for dolomite precipitation by sulfate reducing bacteria 
(Vasconcelos and McKenzie, 1997). 
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     Microstylolites and pressure solution residue were observed within the cephalopod 
marker bed and the overlying red mudstone.  In order for insoluble pressure solution 
residue to form within a rock unit, pressure from overburden or lateral compressional 
forces must be present.  Dunnington (1967) reported that in most cases of stylolitic rocks, 
overlying rock is greater than 600 meters thick.  Exceptions are noted which include a 
stylolitic limestone is currently only overlain by 300 meters and a limestone containing 
microstylolites that was never buried by more than 90 meters of overburden (Dunnington, 
1967).  Still, it is assumed that 10s of meters of overburden, at least, are necessary for the 
process to occur.  The presence of both pressure solution and microstylolites within this 
unit, and stylolites in the units below it, indicate that a thickness of overburden that is 
now absent must have occupied the quarry at one time, or else another mechanism was at 
work.   
     As previously mentioned, it is likely that the Dayton Formation formerly existed here 
but has since been removed.  The maximum local thickness for this unit, however, is less 
than 4.0 meters (Ausich, 1987).  In fact, total thickness for all units that overlie the 
Brassfield Formation at nearby John Bryan State Park is less than 25 meters.  
Alternatively, lateral ground water flow or high clay content in the unit could have 
catalyzed the pressure solution (Bathurst, 1975). 
     Early deposition of the cephalopod marker bed occurred in a low energy envrironment 
occupied mainly by crinoids that allowed laminations to be preserved.  As time 
progressed the environment became favorable for more marine invertebrates:  abundance 
and diversity increased, and the sediments were bioturbated.  The energy level of the 
environment also increased, as evidenced by the wave ripples and the inclusion of micrite 
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clasts several centimeters in diameter.  These clasts are similar in color to the mudstone 
interbeds and may have been ripped up and deposited during storm events.  Cephalopods 
become more abundant as deposition continued and toward the south end of the quarry.  
The density of these large fossils, especially free-swimming cephalopods, within the unit 
is enigmatic.  Did the environment become exceptionally favorable for this organism?  
Does it represent a mass death event?   
     Several of the organisms within this unit are delicate fauna that would thrive in 
protected habitats such as crevices or fissures within a barrier/reef structure.  These 
include bryozoans, crinoids, and microbes Girvanella and Renalcis.  Other organisms 
such as brachiopods and pelecypods would also thrive in such an environment with 
surfaces to bore into or attach to, or on its landward side where the wave energy would be 
lessened.  These nearshore, subtidal environments would provide enough oxygen and 
sunlight to accommodate the remaining organisms, which would then attract the 
cephalopods. 
     Studies of cephalopod taphonomy have led to two basic post-mortem pathways:  a 
shell that floats on the surface of the water, or a shell that sinks to the sea floor (Maeda et 
al., 2003).  Shells that rise to the surface can be carried by marine currents and wind until 
they reach the shoreline or fill with water and sink; shells on the seafloor can be 
reworked, buried, and compacted.  If the internal shell chambers become filled with 
sediment and/or cement, the nature of infilling can determine the shell’s position at the 
time of deposition.  Variations among the cephalopod shells in a given deposit can also 
suggest a relative rate of deposition if time-averaging is apparent.  Time averaging results 
when deposition occurs over a long period of time so that the shells or other hard parts 
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show varying degrees of weathering:  those that were deposited earlier may be more 
weathered and dissolved while those that were deposited later may have a preserved 
nacreous luster and coloration.  Transport of cephalopod shells is indicated when their 
remains are among non-related groups such as shallow water, benthic communities 
(Maeda et al., 2003).    
     The cephalopods in the cephalopod marker bed are not uniformly preserved.  All of 
the shells have been dissolved and filled with cement.  Some of the chambers are filled 
with cement, some with skeletal grains supported by cement or micrite, and some are 
filled with micrite containing microbial textures.  Their orientation also varies.  Most are 
horizontal but some are vertically or obliquely oriented.  This variability suggests rapid 
deposition.        
     It is possible that the depositional environment of the cephalopod marker bed was a 
near-shore skeletal shoal that acted as a barrier, diminishing wave energy along the 
direction of transport.  This would provide ideal conditions for the observed fauna.  The 
fossiliferous mudstone interbeds may represent periods of shallowing in which the energy 
shifted to the back-barrier lagoon.  One such environmental change might account for 
unfavorable conditions that are responsible for the cephalopod deaths.  After deposition, 
bacteria fed on the decaying soft parts and in turn reduced the surrounding environment 
and contributed to the formation of pyrite.  Alternatively a storm event might have caused 
their deaths and transported them to this site.   
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7. Conclusion 
     Data collected during macroscopic and microscopic investigations of the cephalopod 
marker bed support the following conclusions: 
1. The thickness of the cephalopod marker bed varies from <0.3 m to 0.92 m 
throughout the Oakes Quarry.  Large variations in thickness occur over short 
lateral distances within the cephalopod bed, oftentimes as a result of 
crest/trough locations within the wavy upper contact.   The average thickness 
is 0.70 m.   
2. The stratigraphy within this unit is complex and varies laterally over short 
distances.  Unit 3 underlies the cephalopod marker bed and Unit 5 overlies it; 
mudstones exist at the upper and lower contacts but neither are continuous 
throughout the study area.  Color variations exist within the mudstones but are 
limited to light gray/blue/green and deep red/purple hues.  The red mudstones 
are only present in the upper half of the unit on the eastern highwall.  
3. Field observations and point-count data show that the percentage of rock 
volume occupied by fossils in the upper-most layer increases slightly in a 
north-south direction across the quarry.  Additionally, certain groups are more 
numerous at different locations; for example, cephalopods increase to the south 
while echinoderms decrease.  The data show that there is a patchy distribution 
of fossils within the unit that is likely a result of spatial variation within the 
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depositional environment.  Vertical successions at single locations show an 
increase in fossil abundance and diversity over time. 
4. Though much of this unit is bioturbated, sedimentary structures are present.  
Subtle cross-stratification and laminae are present in the lower layers; ripples, 
burrows, green mudstone or shale partings, and lenses and clasts of blue-gray 
mudstone are present in the upper layers.   
5. Dolomitization is preferential and occurs most often in micrite enclosed in 
mollusk shells.  The average percentage of rock volume occupied by dolomite 
is 18.8%:  The dolomite composes 8.76% of the matrix and the rest 
overprints/replaces allochems and other orthochems.   
6. Microbial fossils are present within the cephalopod marker bed.  Micrite 
fabrics inside mollusk fossils are suggestive of poorly preserved Girvanella 
filaments and a mud clast containing micropeloids produced by Renalcis was 
also identified.    
FUTURE WORK 
      Future studies could be conducted on the cephalopod marker bed to map and correlate 
its stratigraphy more clearly throughout the quarry.  Frequent lateral variations within this 
unit indicate that the environments within Oakes Quarry during the time of its deposition 
also varied over short lateral distances; by sampling more intensively within each layer at 
various locations more specific environmental interpretations could be made.  A larger 
sample could also be point counted and analyzed to determine if there is a statistically 
significant change in the fossil community that is suggested by this data.  The results 
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could support environmental interpretations and help create high resolution 
paleogeographic maps for this facies. 
     Further work could also be conducted on the mudstone interbeds to determine their 
origin and continuity.  A geochemical comparison, such as isotope analysis, of these 
sediments to the mudstone clasts contained in the grainstone layers could confirm 
whether or not they are related.   
     Finally, a regional study on Brassfield Formation outcrops, drill logs, and cores could 
be undertaken to determine if this unit is correlative to the limonite studied by Harrison 
and Harrison (1975).  If so, similar techniques could be applied to the various study 
locations to determine fossil assemblages across its extent.  The results of such as study 
could contribute to our understanding of early Silurian paleogeography of the interior 
mid-continent.   
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APPENDIX 
Table 2. Point Count Data for Red Mudstone 
I.D.  % 
Echinoderm 30.67
Bryozoan 6.33
Gastropod 0.00
Cephalopod 0.00
Abraded Mollusk 15.33
Brachiopod 2.67
Cement 0.67
Dolomite 0.00
Porosity 0.00
Trilobite 5.00
Micrite 33.33
Other 6.00
Total 100.00
 
Table 3. Point Count Data for Float Samples 
I.D. % TS17               TS18    TS19    
Echinoderm 41.67 46.00 21.67 
Bryozoan 6.33 2.67 2.67 
Gastropod 0.00 0.00 40.33 
Cephalopod 8.33 1.67 12.67 
Abraded Mollusk 9.00 5.33 5.33 
Brachiopod 2.67 1.00 1.00 
Cement 10.00 30.00 9.00 
Dolomite 18.67 4.67 5.33 
Porosity 0.00 0.33 0.00 
Trilobite 0.00 0.00 0.33 
Micrite 0.33 1.33 0.00 
Other 3.00 7.00 1.67 
Total 100.00 100.00 100.00 
 
 
 77
 
Table 4. Point Count Data for Known Sample Locations   
I.D. % 
1105-
1A2 
1105-
1A2ceph 
1105-
02A 
1105-
2B 
1105-
02B1 
1105-
2B2 
1105-
3C1 
1105-
3E1 
Echinoderm 39.33 46.00 49.33 17.70 35.33 35.00 34.67 39.67
Bryozoan 6.33 9.33 2.33 0.30 2.33 15.00 0.00 0.33
Gastropod 0.33 0.00 24.33 0.00 0.00 0.33 0.00 0.33
Cephalopod 6.67 23.00 0.67 58.00 0.00 0.00 41.00 37.33
Abraded 
Mollusk 8.33 2.67 10.67 7.00 3.67 10.33 5.33 6.00
Brachiopod 1.67 4.33 2.00 0.00 4.33 3.33 1.33 2.00
Cement 27.00 7.33 5.33 13.30 9.33 12.33 12.33 6.67
Dolomite 6.00 1.00 2.00 0.00 12.33 12.67 1.33 0.33
Porosity 0.33 1.00 0.67 0.00 0.00 0.67 0.00 1.33
Trilobite 2.33 2.67 0.67 1.00 0.33 1.33 1.33 4.00
Micrite 0.00 0.00 0.00 0.00 9.33 8.00 0.00 0.33
Other 1.67 2.67 2.00 2.70 23.00 1.00 2.67 1.67
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
         
I.D. % 0428-2 0428-3 0428-5 0428-6 0428-8a 0428-8b 0428-8c 0428-8d 
Echinoderm 55.33 66.00 46.33 62.00 52.33 61.33 49.67 53.33
Bryozoan 24.33 7.67 8.00 4.67 6.67 1.67 3.67 7.33
Gastropod 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cephalopod 1.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00
Abraded 
Mollusk 6.67 3.00 3.67 5.00 3.00 3.67 4.67 8.00
Brachiopod 3.67 7.00 4.67 3.67 5.00 5.67 4.00 6.33
Cement 7.33 9.67 6.00 13.00 9.00 9.67 11.67 7.00
Dolomite 0.33 0.67 5.00 2.67 15.67 13.33 10.33 5.00
Porosity 0.67 1.00 0.00 0.00 0.00 1.00 0.33 0.33
Trilobite 0.33 2.33 0.33 2.67 1.67 2.33 8.00 4.33
Micrite 0.00 1.00 24.67 1.00 6.33 0.33 2.00 4.67
Other 0.33 1.67 1.33 1.33 0.33 1.00 5.67 3.67
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Table 4, continued         
I.D. % 0428-9 0428-9f 0428-s1 0428-s2a 0428-s2b    
Echinoderm 72.00 66.67 29.67 54.33 35.00    
Bryozoan 1.00 0.67 0.00 8.00 0.33    
Gastropod 0.00 0.33 0.00 0.00 0.00    
Cephalopod 0.00 0.00 0.00 0.00 0.00    
Abraded Mollusk 4.67 5.00 2.00 6.33 2.33    
Brachiopod 1.00 1.67 1.33 1.67 1.67    
Cement 3.00 1.67 3.00 13.00 5.33    
Dolomite 3.33 5.00 39.00 0.33 45.33    
Porosity 0.00 0.00 5.67 0.00 1.33    
Trilobite 8.33 10.00 9.67 4.00 3.00    
Micrite 3.33 4.33 5.00 4.33 1.33    
Other 3.33 4.67 4.67 8.00 4.33    
Total 100.00 100.00 100.00 100.00 100.00    
 
Table 5.  Thin-section References for Photomicrographs 
Figure Number Thin-section    
14 17   
15 17   
16 1105-1A2   
17 17   
18 17   
19 19   
20 1105-3E2   
21 17   
22 1105-1A1   
23 1105-02B1   
24 1105-3C2   
25 1105-3C2   
26 0428-5   
27 17   
28 17   
29 17   
30 17   
31 19   
32 1105-2   
33 18   
34 1105-1A2   
35 17   
36 19   
37 0428-S1   
38 Red Mudstone--No label   
39 Red Mudstone--No label   
40 Red Mudstone--No label   
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 Table 5, continued    
41 Red Mudstone--No label   
42 Red Mudstone--No label   
43 Red Mudstone--No label   
56 1105-1A2   
57 1105-02B1   
58 1105-2A   
59 19   
60 19   
61 1105-1A1   
62 1105-1B2   
63 1105-2A   
64 1105-2C   
65 1105-3E1   
66 0428-5   
67 19   
68 19   
69 1105-1B2   
70 1105-1A2   
71 1105-3I   
72 1105-3I   
73 1105-3I   
74 1105-3I   
75 0428-2   
76 0428-2   
77 0428-2   
78 0428-2   
79 0428-2   
80 0428-2   
81 0428-2   
84 1105-3I   
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